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ABSTRACT
Galaxies, as well as their satellites, are known to form within the cosmic web: the large, multi-scale
distribution of matter in the universe. It is known that the surrounding large scale structure (LSS)
can impact and influence the formation of galaxies, e.g. the spin and shape of haloes or galaxies are
correlated with the LSS and the correlation depends on halo mass or galaxy morphology. In this work,
we use group and filament catalogues constructed from the SDSS DR12 to investigate the correlation
between satellite systems and the large scale filaments they are located in. We find that the distribution
of satellites is significantly correlated with filaments, namely the major axis of the satellite systems
are preferentially aligned with the spine of the closest filament. Stronger alignment signals are found
for the cases where the system away from the filament spine, while systems close to the filament spine
show significantly weaker alignment. Our results suggest that satellites are accreted along filaments,
which agrees with previous works. The case of which away from the filament spine may help us to
understand how the filament forms as well as the peculiar satellite distribution in the Local Universe.
Keywords: Astrostatistics — Observational astronomy — Galaxy evolution — Galaxies — Large-scale
structure of the universe.
1. INTRODUCTION
According to the current cosmological paradigm,
known as the Dark Energy Cold Dark Matter (ΛCDM)
model, the early universe is nearly perfectly homo-
geneous but seeded with small density perturbations
which, due to gravitational instability, grow increas-
ing the density contrast of the universe (Gunn & Gott
1972). Gravitational instability is responsible for halo
collapse and, on large scales, the formation of the “cos-
mic web” (Bond et al. 1996), which consists of voids,
sheets, filaments, and clusters. Accordingly, matter col-
lapses and forms dark matter haloes in a hierarchical
fashion(Davis et al. 1985): small haloes form first and
these merge to form larger and larger structures. This
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process is accompanied by mass flow on large scale to-
wards regions of higher density. As halos merge, galaxies
embedded inside halos merge too. The accreted and sur-
viving smaller halos are referred to as “subhalos” and
the galaxies that inhabit subhalos are called satellites.
Therefore, understanding how the large-scale structure
(hereafter, LSS) feeds subhalos toward halos is one of
the keys to understanding how satellite systems form
and how they affect the growth of larger haloes.
Subhalos (satellite galaxies) are ideal tracers to study
the mass distribution within halos. Recently, both nu-
merical (Agustsson & Brainerd 2006; Kang et al. 2005,
2007; Libeskind et al. 2005; Wang et al. 2014) and obser-
vational (Brainerd 2005; Yang et al. 2006; Wang et al.
2018b) studies have reported that subhalos (satellites)
are preferentially distributed along their hosts’ major
axis. In addition, subhalos are often used as a bridge
to study correlations between a halo (galaxy) and the
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cosmic web. Theoretical studies such as Libeskind et
al. (2011); Kang & Wang (2015); Wang & Kang (2018)
have suggested that the spatial distribution of subha-
los (satellite) originates from their anisotropic accretion
along a filamentary axis. Other studies, such as Tempel
et al. (2015), have found that the satellites of host galax-
ies that are located in filaments, have an elongated dis-
tribution parallel to the filament axis. Similarly, Tempel
& Tamm (2015) show that galaxy pairs are also aligned
with the cosmic web filaments. Moreover, on the one
hand, for the one halo term, observational and numer-
ical studies confirm that the orientations of the major
and spin axis of halos are correlated with their surround-
ing LSS (such as Arago´n-Calvo et al. 2007; Hahn et al.
2007a,b; Tempel & Libeskind 2013; Wang & Kang 2017,
2018; Codis et al. 2018; Welker et al. 2020, and reference
within them). On the other hand, for the two halo term,
massive halos/clusters are correlated on very large scales
reaching up to ∼ 100 h−1Mpc (Faltenbacher et al. 2002;
Hopkins et al. 2005; Smargon et al. 2012; van Uitert &
Joachimi 2017; Xia et al. 2017). Interested readers can
refer to two review papers by Kiessling et al. (2015) and
Joachimi et al. (2015) for more details about the galaxy
alignment.
In addition to the above, the study of satellite galaxy
distribution as a whole (namely the distribution of the
satellite system) has gained increased attention. On
small scales, various confusing observations have been
found in the Local Universe. Lynden-Bell (1976) and
Kunkel & Demers (1976) were the first to indepen-
dently report, that satellite galaxies and distant glob-
ular clusters of the Milky Way align close to a common
plane – now termed the Vast Polar Structure (VPOS)
(Pawlowski & Kroupa 2014; Kroupa et al. 2005; Metz
et al. 2008, 2009; Pawlowski & Kroupa 2013; Arakelyan
et al. 2018). Beyond the Milky Way, studies have found
other cases and where satellite galaxies appear to be
preferentially aligned in significantly flattened planes:
around M31 (Ibata et al. 2013; Conn et al. 2013; Shaya
& Tully 2013), around Centaurus A (Tully et al. 2015;
Mu¨ller et al. 2016, 2018), around M101 (Mu¨ller et al.
2017), and around M83 (Mu¨ller et al. 2018), although
it must be noted that because of different biases, these
may not all belong to an identical astronomical class of
objects.
On larger scales, only a few studies have focused on
the correlation between satellite systems and the LSS.
By using the EAGLE simulation, Shao et al. (2016)
demonstrated that satellite planes tends to be aligned
with the orientation of large scale structure. In observa-
tions, Libeskind et al. (2015, 2019) focused on the satel-
lite systems in the Local Universe and reported that the
normal directions of satellite systems are very closely
aligned with the eigenvector of the velocity shear tensor,
namely the direction of greatest compression of LSS. Re-
lated works such as Huang et al. (2016); van Uitert &
Joachimi (2017), who used redMaPPer clusters to mea-
sure the alignment of the shapes of galaxy clusters, re-
ported positive alignment signal.
In this paper, we investigate the correlation between
satellite systems and LSS using the SDSS DR12 (Eisen-
stein et al. 2011; Alam et al. 2015). Relative to the pre-
vious public release, DR12 adds one million new spec-
tra of galaxies and quasars from the Baryon Oscillation
Spectroscopic Survey (BOSS) over an additional 3000
deg2 of sky. Owing to this advent of such large galaxy
spectroscopic surveys, we are able to more accurately
measure the 3D (rather than projected) distribution of
satellites around centrals. This in turn will provide a
statistically robust quantification of how satellites are
distributed around their hosts.
The outline of the paper is follows. Section 2 presents
the description of the data and method including the
definition of satellite distribution, filament catalogue
and alignment angle. In Section 3, we show the results
of our analysis of the alignment angle between the ori-
entation of the major axis of satellite distribution and
their closest cosmic filament axis. Finally, we conclude
and discuss our results in Section 4.
2. DATA AND METHODOLOGY
2.1. Observational Data
In this study, we employ the group catalog compiled
by Tempel et al. (2017), in which galaxies from the spec-
troscopic sample of the SDSS data release 12 (Eisenstein
et al. 2011; Alam et al. 2015) are grouped. Groups are
identified using a friends-of-friends (FoF) group finder,
which was modified and designed specifically for flux-
limited galaxy surveys, such as is the case here. The FoF
group membership is refined in two main steps. First,
multi-modality analysis is used to split multiple compo-
nents of groups into separate systems. The second step
involves estimation of the virial radius and the escape
velocity to exclude group members that are not physi-
cally bound to systems. The FoF group membership is
refined to find subgroups. For more details, we refer the
reader to Tempel et al. (2014b, 2018).
The catalogue contains 88,662 groups with at least two
members and 584,449 galaxies in total. Among them, we
select groups with more than 5 members (i.e., 1 central
plus 4 satellites). Our final fiducial catalogue consists of
10,087 groups with halo mass M200 roughly ranging from
1011 to 1015 M. In the left panel of Fig. 1, we show the
distribution of group mass. It is noted that throughout
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Figure 1. Left panel: a histogram of group mass. Right panel: a histogram of Nsate, the number of satellites per group.
the paper we refer to the most luminous galaxy in each
group as the central galaxy and all other members are
regarded as satellites.
2.2. Satellite Spatial Distribution
In order to model the spatial distribution of satellites
(hereafter referred to as the “satellite ellipsoid”) in three
dimensional space, we use the moment of inertia tensor
whose definition is given by
Iij =
Nsate∑
k
xi,kxj,k
R2k
, (1)
in which i, j = {0, 1, 2} correspond to the Cartesian co-
ordinate (for more detail about coordinate transforma-
tions, see Tempel et al. (2014b), xi,k denotes the compo-
nent i of the position vector of satellite k with respect to
the central galaxy. Rk is the distance between satellite
k and the central galaxy. Nsate is the number of satel-
lites in the group and thus the number used to compute
the satellite system’s spatial distribution. In the right
panel of the Fig. 1, we show the number distribution of
Nsate. Clearly, groups with a few satellites dominate the
sample. The shape of the corresponding satellite ellip-
soid is determined by the eigenvalues (λ1 ≥ λ2 ≥ λ3) of
Iij . The length of each axis of the satellite ellipsoid are
given by the square roots of the eigenvalues (a =
√
λ1,
b =
√
λ2 and c =
√
λ3). The thickness of the satellite
ellipsoid is described using the minor-to-major axis ratio
c/a and the intermediate-to-major axis ratio b/a. The
orientation of the satellite ellipsoid is determined by the
corresponding eigenvectors e1, e2 and e3, respectively.
Geometrically, any ellipsoid in 3D space can be deter-
mined by at least four non-coplanar points (three satel-
lites are always coplanar). Therefore, by including the
central galaxy in the computation of Iij , we may set the
lower limit of Nsate to 4. However, such shape determi-
nation is susceptible to stochastic Poisson noise. We will
discuss how to avoid any Poisson noise in Section 2.5. In
Fig. 2, we show how the Nsate effects the determination
of axis ratio c/a and b/a. In general the smaller Nsate,
the smaller the axis rations. The wide color bands show
the 3σ spreads of axis ratios for a given Nsate: note a
large spread for small values of Nsate and relatively small
spread for a large value of Nsate. We note that there is
only one group in our sample with Nsate = 57 which
leads to the zero standard deviation.
2.3. Cosmic filaments
The filaments are traced by applying an object point
process with interactions (the Bisous process) to the dis-
tribution of galaxies in the spectroscopic galaxy sample
(Tempel et al. 2014b) from SDSS DR12. The filament
finder is based on a robust and well-defined mathemat-
ical scheme that provides a quantitative classification
consistent with the visual impression of the cosmic web.
For more detailed descriptions of the algorithm, the
readers can refer to (Stoica et al. 2007; Tempel et al.
2014b, 2016; Libeskind et al. 2018). For convenience, a
brief summary is provided below. Firstly, randomly ori-
ented small cylindrical segments based on the positions
of galaxies are used to construct a filamentary network
by examining the connectivity and alignment of these
segments. Then, a filamentary spine is extracted based
on a detection probability and filament orientation. Fi-
nally, we repeat this process with a large number, a net-
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Figure 2. The axis ratio, minor-to-major axis c/a in red
and middle-to-major b/a in blue, as function of the number
of satellites. Color bands show the 3σ standard deviation.
work of filaments with labelled coordinates, direction,
and statistical significance emerges.
We note that, in this work, we only use central galax-
ies as tracers for filaments detection. Satellite galax-
ies are not used in the determination of the filamentary
network. This ensures that there is no intrinsic corre-
lation between the satellite galaxy distribution and the
filament orientation. The assumed radial scale for the
extracted filaments is roughly 0.7 Mpc. We classify a
satellite system as “close to filament” if the distance of
its central galaxy from the axis of the filament is less
than 0.7 Mpc. We term those galaxies who are more
distant than 0.7 Mpc “away from filament”. Note that
not all filaments have a width of 0.7 Mpc. Indeed the
filament finder returns a width for each detection. We
examined the dependency of our results on the individ-
ual thickness of each filament and found that since most
filaments have a width of around 0.7 Mpc (Tempel et
al. 2014c), our results are robust to this choice. We also
use the distance normalized by the radius of the filament
spine to define systems that are either in or not in the
filament. We find these two methods return consistent
results.
2.4. Alignment Signal
In this work, we mainly focus on the orientation of the
major axis of the satellite ellipsoid. Therefore through-
out the paper the ‘orientation’ of the satellite ellipsoid
refers to the orientation (eigenvector) of the major axis
of the satellite distribution. In order to examine (and
quantify) if satellite ellipsoids are anisotropically dis-
tributed with respect to filaments, the probability den-
sity function (PDF, P(X) = N(X)/〈Ntot(X)〉) for both
in 3D and (projected) 2D space are measured.
For the 3D case we examine :
cos(θ) = |e1 · efila|, (2)
where θ is the angle between the orientation of the major
axis of the satellite ellipsoid e1 and the direction of the
filamentary axis efila, in which it is embedded.
Given the degeneracy of any inertia tensor eigenvec-
tor’s positive direction, the alignment angle cos(θ) is
within [0, 1]. For the case where the satellite ellipsoid
is randomly oriented relative to the filament axis, the
expectation of 〈| cos(θ)|〉 is 0.5.
For the 2D on-sky case, we measure the alignment sig-
nal by projecting the major axis of the satellite ellipsoid
and the filament axis onto the plane of the sky. The
alignment angle θSF is the difference between position
angle of the satellite ellipsoid θS and the position angle
of the filament θF, namely θSF = |θS − θF|. Following
the method used in Zhang et al. (2013), we compute the
position angle θSF with respect to the closest filament
at the location of the central galaxy x, written as:
θSF = arctan
[
∆α cos δx
∆δ
]
, (3)
where ∆α and ∆δ are the right ascension and declina-
tion differences, respectively. δx is the declination of
central galaxy. The position angles are measured at the
location of central galaxy x and at the location of the
filament which can be offset. Note that the alignment
angle θSF is restricted to be within [0
◦, 90◦]. For the case
that satellite ellipsoid are randomly distributed with re-
spect to the filament’s axis, the expectation is θSF = 45
◦.
The possible alignment signal is calculated using the
kernel density estimation. Tempel et al. (2014a) sug-
gested that the kernel density estimation is better than
a simple histogram and is more representative of the
underlying probability distribution. For | cos(θ)|=1 or
θ = 0◦ implies that the satellite ellipsoid are ideally dis-
tributed along the filament’ axis (hereafter referred to
as “alignment”), while | cos(θ)|=0 or or θ = 90◦ implies
that satellite ellipsoid ideally distributed perpendicu-
lar to the orientation of the filament (hereafter termed
“anti-alignment”, not to be confused with parallel but
pointing in opposite directions).
2.5. Error Estimation
The orientation of filaments and the estimation of
satellite ellipsoids are affected by redshift-space distor-
tions. Our analysis thus includes a measure of the align-
ment signal in the plane of the sky (see 2D case above
in Section 2.4).
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Figure 3. The probability distribution function of the alignment between filaments and the major axis of satellite distributions.
On the left panel we show cos(θ) and on the right panel the projected angle θ. Different lines separate groups of different richness,
namely with different Nsate. The horizontal black dotted lines represent a random, uniform distribution. The color bands show
the 3σ spread about the mean obtained by randomizing satellite position in 3D (left panel) and in projection (right panel)
10,000 times. The mean alignment angle, PKS of the Kolmogorov-Smirnov (KS) test, the associated probability PKU of the
Kuiper test, and the average significance of the alignment signal are shown in the legend box with corresponding colors.
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Figure 4. The dependence of the alignment signal 〈cos(θ)〉
on the axial ratio c/a is examined. Three sub-samples same
as Fig. 3, namely systems with Nsate ≥ 4 (red solid line),
Nsate ≥ 11 (blue dashed line) and Nsate ≥ 30 (green dotted
line).
Furthermore, the number of satellites Nsate affects the
determination of axes ratios found when fitting satellite
ellipsoids. The statistical significance of any or axis ra-
tio measured for a group of size Nsate can be gauged via
a simple Monte-Carlo test. For each group, the radial
distribution of group members (satellites) is kept con-
stant but their angular distribution is randomized. This
test is performed 10,000 times per group. Each time, the
inertia tensor and it’s eigenvectors and eigenvalues are
determined for the randomized satellite distribution. As
such, a mean alignment between the randomized satel-
lite distribution and the filament can be estimated. The
statistical significance of any measured alignment signal
can be estimated in terms of the standard deviation of
such randomized trials.
3. RESULTS
The alignment between the orientation of the major
axis of the satellite ellipsoid and their respective fila-
ment axis, expressed as a probability distribution of the
angle (in 2D) or cosine of the angle (in 3D) is presented
in Fig. 3. The left panel shows the alignment signal
examined in 3D and the measured alignment signal in
the plane of the sky (2D) is shown in the right panel.
The group sample is divided according to the number of
satellites that constitute it. The black dotted line indi-
cates the expectation if satellite ellipsoids are randomly
distributed with respect to the filament axis (namely a
uniform distribution). The corresponding color bands
show the 3σ fluctuation expected given a sample size
(see Section. 2.5 for more details). In the bottom of
each panel, we show the mean values of the alignment
angles, either cos(θ) in the left panel or θ in the right
panel, the statistical significance 〈σ〉 (namely how far
the mean angle is from cos θ = 0.5 for 3D or 45o for
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Figure 5. The alignment angle as a function of the number of the satellites Nsate both in 3D (left panel) and 2D (right panel).
A clear increasing tendency can be seen for low Nsate and become roughly independent with Nsate at Nsate ≥ 30. The color
brand indicate the 1σ uncertain obtain from 10,000 random sample.
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Figure 6. Same as Fig. 4, but show two different sub-
samples which are constructed from groups with Nsate ≥ 30.
For these two different sub-samples, we randomly picked ei-
ther 4 (red solid line) or 11 (blue dashed line) satellites from
those groups which contain more than 30 satellites. This
process was performed 10,000 times.
2D), the p-value PKS of the KolmogorovSmirnov (KS)
test , and the associated probability PKU of the Kuiper
test. The the statistical significance 〈σ〉 and the KS
(Kuiper) test are performed to quantify the chance that
such distributions could arise from a uniform distribu-
tion. Note that a high value of average significance and
a low value of PKS(PKU) indicates a statistically robust
alignment signal.
In Fig. 3, the red solid lines denote the full sample that
includes all groups (with Nsate ≥ 4), while the colored
dotted and dashed lines denote the alignment for groups
chosen according to satellite number. When considering
all groups irrespective of satellite number, Fig. 3 shows
that their major axis is well aligned with the filament
axis in the 3D case (left panel) with a mean value of
〈cos(θ)〉 = 0.51, a high value of statistical significance
(∼ 4σ), and low value of PKS = 2.0 × 10−2 (PKU =
1.9 × 10−3). However, for the 2D case shown in the
right panel, the alignment becomes more uniform with
a mean value of 〈θ〉 = 44.34◦, a statistical significance
of ∼ 2.52σ. The large sample size in this case results
in a statistically more robust signal, albeit the lower
significance in the 2D case is clearly due to projection
effects washing out the signal.
Two additional examinations are performed in Fig. 3.
The groups are divided in to two sub-samples accord-
ing to Nsate (blue dashed lines for groups with ≥11 and
green dotted lines for those of with ≥ 30 satellites). The
(seemingly arbitrary) choice of 11 and 30 is motivated
as follows: 11 is the number of Milky Way classic satel-
lite galaxies (whose normal is not far from the local fil-
amentary direction (Libeskind et al. 2015). Thus this
sample allows us to compare, to some extent, the Milky
Way’s situation with groups that have the same number
of satellite. The cut at 30 satellites is also examined
because according to Fig. 2, this is the value where the
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Figure 7. Same as Fig. 5, but the alignment signals are examined for group either “close to” (in blue) or “away from” (in red)
the filaments. The color brand indicate the 1σ uncertain obtain from 10,000 random sample, respectively.
c/a (b/a) become roughly independent of Nsate. In both
these cases we see an increase in the alignment signal
but, owing to the smaller sample size, an accompanying
reduction in the statistical significance. As is expected,
all signals are further reduced in the 2D alignment sig-
nal. Overall, we conclude that the major axes of satellite
ellipsoids are preferentially aligned with the axes of their
filaments.
Despite the weaker statistical significance, we wish to
assess if the stronger alignment signal seen for richer
groups is real or due to a systems with better defined
axis ratio or satellite number. In order to do so, we
examine the alignment signal as a function of satellites
ellipsoid axis ratio c/a, shown in Fig. 4. The same three
sub-samples as in Fig. 3 are checked. It is clear that
groups with Nsate ≥ 30 and Nsate ≥ 11 show an obvi-
ous trend: as the axis ratio approaches sphericity, the
alignment signal weakens. Furthermore, in Fig. 5, we
examine how Nsate affects the alignment signal, by ex-
amining the mean angle as function of Nsate for both in
the 3D and 2D case. We find that for low value of Nsate,
the 〈cos(θ)〉 increases with Nsate, while for Nsate higher
than ∼ 30, the 〈cos(θ)〉 become independent with Nsate.
We note that there exists the possibility that this trend
is due to limited sampling, namely that when only a few
satellites are chosen that this may bias the 〈cos(θ)〉-Nsate
trend. To test this effect, we randomly select either 4 or
11 satellites from groups with more than 30 satellites,
compute their axis ratio and alignment signal. The re-
sults are shown in Fig. 6. The alignment signal of two
random samples are comparable with groups that con-
tain the same number of satellites (the corresponding
color line in Fig. 4), indicating that the number of satel-
lites indeed does have an effect on the alignments. If the
satellite systems are in fact richer than what we observe,
they are more likely to be well aligned.
In Fig. 7, we examined whether the distance between
group and filament affects the alignment signal. We
divide the groups according to the distance from the
central galaxy to the filament spine: either they are
close to the spine of the filament (within a distance of
dgroup < 0.7 Mpc) or they are further. The alignment
signal for the dgroup ≥ 0.7 Mpc case is shown in red solid
lines, while for the dgroup < 0.7 Mpc sample is shown in
the blue solid lines. We find that the satellite alignment
in groups with dgroup ≥ 0.7 Mpc is stronger than those
whose central galaxies are close to the filament spine, in
agreement with Welker et al. (2018). In both 3D and 2D
cases however there is a statistically significant signal.
4. CONCLUSION AND DISCUSSION
In this work, using groups and filaments constructed
from SDSS DR12, we investigate the correlation between
satellite systems and the LSS, namely the alignment be-
tween the major axis of satellite distributions and their
closest filament axis. We have conducted our analysis
using 3D positions as well as projected 2D positions on
the sky. Our main results can be summarized as follow:
• the major axes of satellite ellipsoids are preferen-
tially aligned with the axes of the filaments they
inhabit with high significance. Such an alignment
is statistically significant regardless of the number
of satellites that compose each group.
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• Galaxies that reside close to the spine if the fil-
ament they inhabit show a slightly weaker align-
ment compared to galaxies that are a bit further
away whose alignment signal is stronger.
The main result, shown in the Fig. 3, are consis-
tent with the published theoretical results of Shao et al.
(2016) which are based on ΛCDM simulations of galax-
ies with Milky Way halo mass range. They also agree
with the observational work of Libeskind et al. (2015,
2019) based on ∼ 10 systems in the Local Universe.
Our results, for the first time, extend this correlation
between satellite systems and the LSS to a large sample
of observations.
Partly, our results concern the relationship between
the number of satellites and the distribution of angle
that the long axis of a fitted ellipsoid makes with the
filament such a group resides in namely 〈cos(θ)〉-Nsate,
shown in the Fig. 5. There are two possible explana-
tions. Theoretically, on the one hand, both numerical
simulations (e.g., van Haarlem & van de Weygaert 1993;
Arago´n-Calvo et al. 2007; Hahn et al. 2007a,b; Zhang et
al. 2009; Kang & Wang 2015)(for summary tables, see
Forero-Romero et al. (2014) and Wang et al. (2018a))
and observations (e.g., Zhang et al. 2013; Faltenbacher
et al. 2009; God lowski et al. 2010; God lowski 2011, 2012;
Paz et al. 2011; Skielboe et al. 2012; Li et al. 2013) show
that the shape of a dark matter halo (used as a proxy for
the shape of a satellite distribution) to be aligned with
their surrounding large scale structure, and the strength
of alignment depends on mass. Furthermore, the more
massive the halo (or group), the more ellipsoidal the
halo shape (Allgood et al. 2006) and hence stronger the
alignment (Benson 2005; Yang et al. 2006; Wang et al.
2018b). On the other hand, according to the ΛCDM
power spectrum, the more massive the halo, the more
satellite galaxies or subhaloes it will contain. Thus, if
the distribution of satellite galaxies is able to trace the
halo shape, the larger Nsate, the stronger the alignment
signal.
However, based on the samples used in this work,
we found the 〈cos(θ)〉-Nsate is influenced by sampling
effects. The systems with small Nsate have less well-
constrained orientations since the shape is determined
with fewer satellites. In a related study, Huang et
al. (2016) discussed the dependence of satellite-central
alignment on the cluster richness. We leave theoretical
predictions regarding the 〈cos(θ)〉-Nsate to future simu-
lation studies.
Whats more, the accretion of satellite galaxies has
been found to be a strongly anisotrpic process. Some of
these studies (e.g., Benson 2005; Libeskind et al. 2005)
have shown that satellite galaxies are found to be ac-
creted anisotropically during the formation history of
halos (groups), and the current distribution of satel-
lite galaxies retains the memories of the primordial ac-
cretion. Kang & Wang (2015) suggested that satellite
galaxies tend to be accreted along the direction of the
major axis of the host halo, while Libeskind et al. (2015);
Kang & Wang (2015); Kubik et al. (2017); Libeskind et
al. (2011) found that satellite galaxies are accreted pref-
erentially along the filament axes. The current satellite-
central alignment is the result of the competition be-
tween primordial accretion and non-linear evolution in-
side the halo (Kang & Wang 2015; Wang et al. 2018a).
These theoretical works predict (or at least suggest to
high degree) that the orientation of satellite ellipsoids
should be correlated with the LSS, shown here observa-
tionally.
The anisotropic infall of satellite galaxies onto host
halos is often invoked as a possible explanation of the
formation of the highly flattened distribution satellite
galaxies such as in the case of the MW as well as other
galaxies in the Local Universe such as M31 and Centau-
rus A (e.g., Libeskind et al. 2005). However, it is unclear
if the numerical studies predict enough anisotropy to ex-
plain such a phenomenon (i.e. see Libeskind et al. 2015;
Kang & Wang 2015). Therefore, it can explain both the
thin and corotating nature of such systems (Pawlowski
& Kroupa 2013). Our results indicate that there is a
stronger alignment for groups located further from the
filament spine. Welker et al. (2018) also found the oppo-
site trend for the spatial distribution of satellite galax-
ies relative to their closest filaments: their alignment is
dominated by centrals at large distance and fades away
in its vicinity. We suspect this is because there is shell
crossing and non-linear behavior in the formation of the
systems that are deeper in the filamentary potential. It
remains to be seen if numerical simulations can falsify
this hypothesis. Either way, the fact that the align-
ment signal depends on filament proximity may shed
light on the orientation of such peculiar satellite distri-
bution formed in the Local Universe.
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